INTRODUCTION
Many ports and harbour developments world-wide refer to the relatively sheltered waters of tidal inlets, coastal lagoons and estuaries. Here, entrance and inner channel dimensions and conditions respond dynamically to physiographic processes (refer Bruun et al. 1978; Bruun and Gerritsen 1960; Bird 1967 ) dominated by river discharge, tides (as manifest in the relative significance of ebb and flood tide volumes), winds, the nature and source of sediment, vulnerability to inundation (catchment flooding, storm surge overwash) and any engineered changes which may influence the balances between estuarine forces. In these terms, some coastal inlets will make better port locations than others. If regional economic growth calls for the provision of port facilities, less than ideal coastal areas may have to be developed. In such areas, armouring, channel dredging and harbourside building must be engineered in ways that allow sustainability of port maintenance. As a general rule, the need for maintenance works will be greater the more the natural processes that characterised pre-development landscapes are interfered with.
One such harbour area that has been developed through long-term coastal modification is situated at Lakes Entrance, Victoria, Australia (refer Figure 1) . Here, an artificial entrance channel for the coastal lagoon system known as the Gippsland Lakes was first opened in June 1889, so that coastal shipping could enter the Lakes system from Bass Strait. At first, navigation channels were relatively easily maintained, as any flood-tide delta deposition was eventually swept away by seasonally occurring heavy catchment floodwater discharges, which considerably augmented ebb-tidal flows. However, in the 116 elapsed years since 1889, Gippsland Lakes catchment water resource allocation has considerably changed (Wheeler 2005a) . Alteration of Gippsland Lakes influent streamflow yields has taken place due to the effects of natural and/or anthropogenically induced climatic variability, urban, industrial and agricultural water use, and large-scale inter-regional water transfer schemes. Therefore, it is not surprising that seasonal ebb-flow dominance at the Gippsland Lakes artificial entrance area has been progressively reduced in duration, and that the to-be expected flood-tide delta expansion and consolidation has taken place. This changing dynamic balance has also placed increasing demands upon dredging regimes, which have been initiated primarily in attempts to maintain channel navigability. Analogue-to-digital conversion of the hydrographic record for the artificial entrance area (from the period December 1889-January 2005) in a GIS (ESRI ArcGIS 9) has allowed the net long-term changes in channel morphology to be three-dimensionally visualised and tabulated volumetrically (Wheeler 2005a; Wheeler and Peterson 2005a) . Exploration of the likely causes of these visualised and tabulated time-series changes demands that the derived data be correlated with long-term catchment and coastal zone management information flowpaths, some of which are held in archives by sectorally-administered catchment and coastal management agencies. This type of inter-sectoral data sharing and integration meets an essential requirement for the successful monitoring and resolution of coastal zone problems via integrated coastal zone management (ICZM) policy and practice.
INTEGRATED COASTAL ZONE MANAGEMENT (ICZM)
The international importance and changing nature of coastal management, and the necessity of increasing sustainability in coastal development, was discussed at the United Nations Conference on Environment and Development (UNCED) held in Rio de Janeiro in 1992 (a meeting more commonly referred to as the 'Earth Summit'). Chapter 17 of Agenda 21 (United Nations Conference on Environment and Development 1992) considered that the use of Integrated Coastal Management (or sometimes called Integrated Coastal Zone Management (ICZM)) should be central to the pursuit of global coastal area sustainability. Such an 'integrated' management scenario attempts to consider concurrently the integrity of ecosystems, economic efficiency and social equity, including the rights of future generations (Young 1992 ) -a compromise which is essentially difficult to establish, especially in coastal areas. This difficulty is due to the operation of complex ecosystem webs which link the land, the sea, and the atmosphere; the expanding global human use of natural resources; and rapidly increasing human pressure on coastal areas around the world (Vallega 1999) .
The Intergovernmental Panel on Climate Change (1994, 25) consider ICZM as being:
The most appropriate process to address current and long-term coastal management issues, including habitat loss, degradation of water quality, changes in hydrological cycles, depletion of coastal resources, and adaptation to sea level rise and other implications of climate change.
The United Nations Environmental Program (1995, 16) describes ICZM as:
An adaptive process of resource management for environmentally sustainable development in coastal areas. It is not a substitute for sectoral planning, but focuses upon the linkages between sectoral activities to achieve more comprehensive goals.
Since Australian adoption of Agenda 21, Federal and state policies (e.g. the 1995 Commonwealth Coastal Policy), and the 1995 Victorian Coastal Management Act) have promoted adoption of an integrated approach to coastal zone management. The different types of stakeholder integration (e.g. inter-governmental, inter-sectoral, science-managerial, private-public sector) required in an effective ICZM programme demand assembly and maintenance of large datasets of a diverse nature in support of decision-making processes. As Cicin-Sain and Knecht (1998) relate, ICZM must be based on sound scientific information from a range of disciplines before decisions will stand up to legal and political challenges. Such challenges are sure to be raised by interests whose activities may be affected by the ICZM process. It is recognised that different types of information are required at different stages (e.g. during pre-implementation, implementation and operating stages) (Douven et al. 2003) of the ICZM process. Clearly, the efficiency of any ongoing ICZM system will depend upon the provision of relevant and current information.
Much of the data and information used in decision support for ICZM is of a spatial nature. The use of Geographic Information Systems (GIS) as an ICZM 'tool' provides the capacity to develop, process and display large amounts of data in 'user-defined' composition. The importance of GIS for:
• Initial identification of coastal zone problems; • The enhancement of stakeholder understanding of coastal issues, and; • The provision of information for ICZM decision-making processes has been exemplified in research by, amongst others, Hennecke et al. (2004) , and Douven et al. (2003) . GIS can also be used for the on-going monitoring and evaluation of coastal zone environmental conditions, thus providing an 'indicator' mechanism by which assessment of progress, and measurement of governance performance, in integrated coastal zone management initiatives can be made (Ehler 2003; Olsen 2003) . In addition, GIS deployment provides the potential for acquisition of common 'mental maps' (Gould and White 1974) , and consensus building amongst various ICZM stakeholder groups (Poitras et al. 2003) . After implementation of spatial data handling such that scenario modelling at stakeholder meetings can be supported, comprehensive stakeholder ownership of coastal management problems can be advanced, and coastal zone conflict resolution facilitated.
THE GIPPSLAND LAKES ARTIFICIAL ENTRANCE CHANNEL
The 390 square kilometre coastal lagoon system known as the Gippsland Lakes is located between 200 and 265 kilometers east of Melbourne, in the East Gippsland region (refer Figure 2) . Three main interconnected 'lakes' (Lakes Wellington, Victoria, and King), with many smaller arms and channels, receive drainage from a 20,000 square kilometre catchment via the Thomson, Latrobe, Macalister, Avon, Mitchell, Nicholson and Tambo Rivers. The lakes are connected to Bass Strait via an artificially engineered outlet (opened in June 1889), whose construction stimulated the development of the Lakes Entrance township. This artificial outlet is known as the Entrance Channel; it is bounded seaward by its outlet to Bass Strait, and landward by its confluence with the Reeves and Hopetoun Channels, and the Cunninghame Arm (formerly known as Reeves River) (refer Figure 3) . Prior to the extension of the Victorian railway network into East Gippsland, the Gippsland Lakes and inflowing streams served and freight and supply 'conduits' (Bird and Lennon 1989) . In pre and immediate post-European settlement times (from 1838 onwards), a seasonal natural entrance to the Gippsland Lakes existed near Red Bluff at the eastern extremity of the coastal lagoon system (refer Figure 4) . Ships would sail through this intermittent entrance from Bass Strait when conditions permitted (Bird and Lennon 1989; Love 2004) , and then along a channel known as Reeves River (now known as Cunninghame Arm) into Lake King, and thence to the river ports of Sale and Bairnsdale. During dry seasons, the natural entrance would sometimes be closed off by sand for long periods to be later reopened by floodwaters during wet seasons. The nature of the natural Gippsland Lakes entrance as encountered by some of the earliest Europeans in the area has been documented. For instance:
During the rainy season, and when the snow melts on the mountains, the lake increases three to four feet in depth… At this season… the fresh water will have sufficient force to clear away the sand on the bar, and… vessels may then pass over it'. H.B. Morris, 1843 (Bird and Lennon (1989) .
'…the water rises to a great height in the lakes and the country for a distance of one hundred miles back is flooded…the rush of waters very quickly cleared a channel through which even large vessels could sail in'. W.T. Dawson, 1855 (Bird and Lennon (1989) . over works which commenced in 1870 to excavate a 400 feet (121.9 m) wide cutting through the outer Holocene sandy barrier system (now known as the Ninety Mile Beach). Works proceeded until 1874, and were temporarily halted after a heavy gale filled excavations with sand. Bird and Lennon (1989) relate that in March 1878, Sir John Coode, a distinguished English civil engineer, visited the Gippsland Lakes artificial entrance site after the Victorian State Government reimbursed him a consultancy fee of £500. His task was to report and make recommendations on the project. This, he completed by December 1879. Coode related in this report that he believed the entrance works were well sited, but that some changes should be made to the existing training wall plans. He recommended that the 'piers' be extended some distance from the beach face -in the case of the western pier, 650 feet (198.1 m), and in the case of the eastern pier, some 500 feet (152.4 m). He also noted that the training walls must be made to curve slightly to the south-west, making an angle of about 85º to the coastline, in order to '…turn the ebbing currents more directly on to the waves which impinge on the foreshore' (Coode 1879, 6) , and that the training walls should converge from 475 feet (144.8 m) wide at the lakes end to 250 feet (76.2 m) wide in Bass Strait to concentrate '…the ebbing currents to a sufficient extent to produce the requisite velocity for keeping open the entrance' (Coode 1879, 7) .
Coode also considered it '…absolutely essential, for the maintenance of a sufficient depth in the proposed entrance, that all connection between The Narrows, the North Arm, and Reeves River should be permanently and effectively cut off, except during periods of excessive flood' (Coode 1879, 7) . He proposed that two barrier banks, constructed from rubble, should be emplaced across Reeves River (900 feet (274.3 m) in length), and between Bullock Island and the mainland (320 feet (97.5 m) in length -across the North Arm). Initially, Coode recommended that these rubble walls should be low enough so that 'extreme floods' would overtop them and escape along Reeves River, and 'might open out a small waterway near the site of the present entrance [near Red Bluff]', but if this did not produce sufficient outflow to keep the entrance clear of sand, '…they should be raised so as to divert the flood discharge on all occasions through the new channel' (Coode 1879, 7) .
Coode further advised that:
…when the works have been completed to the full extent… a navigable depth of about 12 feet [3.6 m] in the centre of the channel at low water will be maintained on almost all occasions. Some little loss of depth will doubtless arise from the disturbance of the sand bottom during periods of gales, but not to a sufficient extent to impede the navigation in a material degree: and any slight temporary accumulation of this character would be readily scoured away and the full depth recovered upon the resumption of the normal condition of the sea. By prolonging the piers, the permanent navigable depth in the entrance channel would, as a matter of course, be increased, and the disturbing action of gales on the sand bottom diminished, hence it is that I have indicated… [that] two extensions to the arms, each of 175 feet [53.3 m] in length, which might be undertaken hereafter when the trade on the lakes shall have grown to such an extent, as no doubt it will eventually do, as to justify a further outlay (Coode 1879, 7-8) .
Coode clearly believed that any departure from his planned scheme would prevent the entrance works from achieving the desired effects: '… I am of the opinion that works of a lighter or less extensive character would… fail to accomplish the object in view' (Coode 1879, 9) . Bird and Lennon (1989) relate that in early June 1889, excavation works at the artificial entrance were nearing completion. A wall comprising 12,000 sandbags had been emplaced at the seaward end of the works between the training walls, in an attempt to stop any inrush of seawater and to ensure the entrance would eventually be opened by floodwaters, carrying excess sands out to sea. The entrance training walls were composed of timber piles (which are still visible today -refer Figure 5 ), embedded to a depth sufficient to secure stability to withstand the anticipated scouring effects of the outflowing currents, and were strengthened at intervals by bulkheads filled with rubble, so providing extra weight and stability. Works to emplace the rubble wall across Reeves River, planned by Sir John Coode, had also begun. However by Friday 14 June 1889, a storm from Bass Strait forced open the sandbag wall. After a brief inrush of seawater, the high lake levels present at the time produced a strong outflow of water between the training walls. Thus, the Entrance Channel was finally open (refer 
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Despite Sir John Coode's international reputation for port engineering (refer Bird and Lennon 1989; Gourlay 1996) , the plans that he was commissioned to prepare were not followed in their entirety. The rubble walls across Reeves River and the North Arm, as proposed in the Coode scheme, were never constructed, and the 1927 Royal Commission report notes that other material departures from the Coode scheme included a widening of the dimensions between the entrance training walls at the seaward end (from 250 feet (76.2 m) to 275 feet (83.8 m)), and a considerable shortening of the training walls (by a combination of both unscheduled design and natural causes). By 1927, a crescent shaped sandbar (or ebb-tide delta) situated in Bass Strait offshore from the outer training wall ends had become established, with depths across it shoaling to 7 feet (2.1 m) where once there had been 35 feet (10.6 m) of water (Royal Commission on Victorian Outer Ports 1927, 13) . This ebb-tidal delta persists to the present day (refer Figure 7) , and has been formed as sand, directed out to sea through the Entrance Channel in an ebb-tidal 'jet', falls from suspension. The natural longshore drifting processes along the Ninety Mile Beach, whose direction is largely dependent upon the prevailing swell wave conditions in Bass Strait, also provide a supply of sediment to the ebb-tide delta. If such sediment is not removed via longshore or offshore drifting processes, formation of a 'bar' across a coastal lagoon or tidal inlet entrance will occur (McManus 2002) .
The 1927 Royal Commission also suggested that rubble training walls be built at certain locations in the Reeves Channel to promote increased ebb-flow velocities (refer Wheeler, 2005b) ; '…the increased velocity of the scour through the Entrance which should result might have a considerable effect in cutting a channel through the bar' (Royal Commission on Victorian Outer Ports 1927, 22) . This suggestion, although departing from the original 'Coode scheme' (rubble walls emplaced across the North Arm and Reeves River) was designed to produce the same effect; that of increased ebb-tidal velocities in the Reeves and Entrance Channels. Some of the suggested rubble training walls and groynes were finally constructed in the 1950s and 1960s. However, their long-term effects have proved to be negligible as Wheeler (2005b) suggests; their emplacement may have caused a reduction in net ebb-tidal velocities and sediment entrainment capacity in the Reeves and Entrance Channels, and across the ebb-tide delta in Bass Strait.
Figure 7
The ebb-tide delta (locally known as the 'entrance sandbar') in Bass Strait, immediately offshore the Entrance Channel, January 2005.
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METHODOLOGY HYDROGRAPHIC CHARTS
Since December 1889, hydrographic survey of the Gippsland Lakes artificial entrance area (expressly of both the Entrance and Reeves Channels) has been carried out at regular intervals. Hydrographic survey is a mapping process, which is primarily concerned with fixing the position of the coastline and of water depths, expressly for navigational rather than environmental monitoring or management purposes. However, for the study of long-term morphological change in estuaries or tidal inlets, these charts provide a valuable data source. This research study utilises analogue (paper) hydrographic survey charts of the Entrance Channel, representing the time period 1889-2005, as a key primary dataset (refer Table 1 ). Historically, three hydrographic survey methods have been used to obtain hydrographic data from the study area. Lead-line depth gauging techniques, in conjunction with the use of channel cross-lines between fixed points, or the use of sextants to determine horizontal (X, Y) positioning (Longden 2004 ) used for making earlier charts were superceded by deployment of electronic depth sounding equipment (single frequency 200kHz) used in conjunction with the 'Trisponder' electronic distance measuring system (Smith 2005) . Since 1990, Global Positioning Systems (GPS) receivers have subsequently been interlinked with echo sounding equipment to compile hydrographic data used in chart complilation. Thus, the accuracy of hydrographic data collection methods has varied since 1889. A comprehensive survey of the relative accuracy of each method of hydrographic data gathering has been provided by van der Wal and Pye (2003) . Hydrographic charts created after 1968 have been subject to standards, set by the International Hydrographic Organisation (IHO), which are designed to reduce error in hydrographical data. Advances in satellite positioning and sonar systems led to a review of these standards in 1998 (refer Mills 1998) . Survey data obtained since this time must be evaluated against these new IHO standards (refer International Hydrographic Organisation 1998).
The depth values taken during hydrographic surveys and denoted on hydrographic charts must be corrected to represent the same water level (known as a vertical datum). This aspect is essential due to the influence of vertical water level fluctuations on hydrographic vessels during soundings data acquisition. Until 1975, study area hydrographic charts employed the British Admiralty datum known as 'Low Water Ordinary Spring Tides' (LWOST) (Admiralty 1975) . After 1975, most hydrographic charts utilised for this study employed the locally derived datum '0.537/0.543 meters below Australian Height Datum (AHD)'. Investigation into the correlation between this figure (-0.537m/-0.543m AHD) and LWOST by Port of Melbourne Corporation staff has revealed that both datums are sufficiently similar (+/-50mm) so as to allow all hydrographic charts used in this study to be directly comparable in time series without any adaptation of recorded depth values (Longden 2004; Smedts 2004) .
DIGITAL DATABASE CONSTRUCTION
All suitable hydrographic charts were digitised using a professional quality high-resolution scanner at 400 dpi, to output data in CAL, JPEG or TIFF image formats. Subsequent digitisation was carried out using the GIS software ESRI ArcGIS 9 (e.g. see Wheeler 2005b) . A concise project process flow diagram is provided at Figure 8 . The horizontal datum chosen for use in this study was the Geocentric Datum of Australia 1994/Map Grid of Australia Zone 55 (GDA94 MGA Zone 55). The accuracy concerns with the use of Grid DEMs referred to by Chang (2004, 147) and Burrough and McDonnell (2000, 230-2) led to the use of only TIN DEMs throughout this research project. 
DATA ANALYSIS
After conversion of DEMs to 'layer files' (thus reflecting a common depth value colour ramp), direct visual comparison of images is facilitated. Resultant time-series two and three-dimensional DEM visualisations can be displayed in different ways so 'mental maps' of bathymetric evolution can be standardised among relevant coastal zone stakeholder groups. In time-series, these visualisations, promote the diffusion of knowledge about:
• Entrance Channel bathymetric evolution;
• The influence of physiographic processes on Entrance Channel morphology;
• The influence of extreme environmental forcings events (e.g. floods) on bathymetric evolution, and;
• The effectiveness of Entrance Channel dredging regimes
It is the 'Cut and Fill' function of GIS software (in this case, located in ESRI 3D Analyst) that enables convergence of all data processing for derivation of model-dependent net time-series volumetric change: in the case of the present study, the Entrance Channel bathymetric change. Using this tool, the morphological change represented in a pair of TIN DEMs can be compared so that volumetric (m³) differences can be calculated. Construction of an Entrance Channel Cut and Fill 'analysis mask' (refer Figure 9 ) allowed uniform sections of the Entrance Channel to undergo Cut and Fill analysis. Thus, time-series Entrance Channel DEMs could be readily compared to one another, revealing the amount of net sediment gain or loss between successive hydrographic surveys.
It should be noted that all area and volumetric figures derived from Cut and Fill analysis of study area DEMs are model dependent: the snap-shots represented in the time-series facilitate detection of net change between arbitrarily set times. The proximity of hydrographic data survey timings to dredging operation timings can never be quantified, and this is a variable factor that should be considered when interpreting data on net volumetric change. The seasonal timings of hydrographic surveys must also be considered, because the operation of dynamic environmental forcings/regimes (and their effects upon channel bathymetry and sediment volumes) will differ between surveys. Thus, the linear volumetric gain/loss trend between DEM 'snap-shots' refers to net change only.
RESULTS
TIME-SERIES VISUALISATION OF ENTRANCE CHANNEL BATHYMETRIC EVOLUTION
Just six months after its opening to Bass Strait (in December 1889), the first hydrographic survey of the Entrance Channel was undertaken. Visualisations of the Entrance Channel for this initial survey (refer Figure 10) show the effects of ebb-flow scouring upon channel bathymetry, with small 'scour-holes' being prominent along the entire channel floor. From its confluence with the Hopetoun Channel, the Entrance Channel is deepest along the concave eastern training wall; as Morisawa (1985, 91-2) relates, the centreline of natural channel flow will move towards the outer (concave) bank, as a result of minimum variance or least work principle. At the entrance 'throat' between the eastern and western pier heads in Bass Strait, a deep scour hole has formed. Visualisations for 1892 (refer Figure 11) clearly show that overall Entrance Channel depths had increased since the initial survey, and that channel depths generated by ebb-flow scouring have visibly exceeded the recommended depths envisaged by Sir John Coode in 1879 (a 12 feet (3.6 m)) deep fairway and side depths of 9 feet (2.7 m)). The 1927 Royal Commission findings note this occurrence: From the visualisations shown it is seen that Entrance Channel depths have been maintained over the period 1892-1941 (refer Figure 12) . A deep ebb-flow scour hole has intermittently developed at the Entrance/Hopetoun Channel confluence (visible 1892, 1941 ). An overall shallowing of Entrance Channel depths can be noted in the visualisation for 1964, with this trend continuing to 1989 (refer Figure 13) . Sediment loss in the Entrance Channel is visible over the period 1991-1992 (refer Figure 14) , followed by a period of overall net accumulation to January 1998 (refer Figure 15 ). To this date, the Entrance Channel was visibly shallower than at any stage in its history of 109 years. A large sand spit in the Entrance Channel (adjacent to the western entrance pier head) had developed, clearly constricting the Entrance Channel at this point; indeed, it is visible above the high water mark (refer Figure 16) . Comparisons between oblique visualisations of entrance throat bathymetry for 1914 and 1999 (refer Figure 22) shows net change, from a maximum depth of 21.5 metres (70.5 feet) in September 1914, to a maximum depth of 7 metres (23 feet) in May 1999. 
TIME-SERIES ENTRANCE CHANNEL BATHYMETRY VOLUMETRIC CHANGE
Cut and Fill volumetric analysis quantifies the findings from visual analysis of the displays as two and three-dimensional TIN DEMs. Derived estimated volumetric change figures provided at Table 2 and Figure 23 show that extremely rapid net estimated sediment loss took place in the Entrance Channel between December 1889 and June 1892, whilst between 1892 and 1941 each period surveyed (1892-1914; 1914-1926; 1926-1941) showed slow net estimated sediment accretion. By 1941, sediment accumulation in the channel had not yet refilled it to its December 1889 levels. Clearly, the forces (e.g. see Bird 2000: 236-7) determining the dimensions of the Entrance Channel remained in relative balance over this period.
In Table 3 ). An example of a derived Cut and Fill model of the Entrance Channel (extracted from within the analysis-masked area), which shows the locations of volumetric change between survey intervals, is provided at Figure 24 . 
DISCUSSION
Combination of Entrance Channel bathymetric change data (both visual and quantitative) presented in this paper with similar data for the upstream Reeves Channel, researched by Wheeler (2005b) and Wheeler and Peterson (2005a) shows that sediment accumulation in both the Reeves and Entrance Channels has been inexorable over the period 1975-2005 (refer Table  4 ). Such morphometric change refers to a reduction of catchment streamflows due to inter-regional water diversion schemes, in particular, via the Thomson Dam scheme (capacity 1.068 GL), which supplies water for domestic and industrial use in metropolitan Melbourne. By intercepting and diverting the naturally occurring seasonally higher (May -December) upperThomson River discharges (refer Figure 25) , the Thomson Dam (commissioned in 1983) has contributed to a loss of streamflow augmentation of ebb-flows at the Gippsland Lakes artificial entrance area. Other major contributors to a loss of streamflow augmentation of ebb-flows include Added to the effects of water transferral schemes, it has been documented by Wheeler (2005a) that over the past 30 years, Gippsland Lakes catchment rainfall and streamflows (from all major influent streams) have experienced falling yield trends. These falling yields may have also been further reduced by aerosol cloud pollution from up-wind urban and industrial sources (e.g. from Melbourne and Adelaide), which can alter rain-producing processes (Rosenfeld 2000) . Falling rainfall trends have been noted in such situations in other parts of the world (e.g. see Givati and Rosenfeld, 2004) . Thus, total inflow forcings (combined streamflows and rainfall) at the study area have been progressively reduced since 1889. In addition, research by Wheeler (2005a), and Fryer (1971) , shows that seasonally, evaporation of water from the Gippsland Lakes may exceed the amount supplied by total inflows (combined streamflows and rainfall) for long periods, at times removing all fluvial influent augmentation of ebb-tidal currents. During such periods, the scope for inner-channel sediment accretion is greatly enhanced (refer Figure 27 ).
Figure 27
The estimated relationship between total inflows and evaporation (1997) (1998) at the Gippsland Lakes artificial entrance area shows that evaporation exceeded total inflows between November 1997 and May 1998. Reduced total inflow augmentation of ebb-tidal currents would have been the result, with associated decreased amounts of sediment scouring and removal at the artificial entrance area. Source: Wheeler (2005a) . Streamflow data: 
; Evaporation data: Bureau of Meteorology (2004).
That any reduction in ebb-tide velocity will affect sedimentation patterns in the vicinity of coastal lagoon or tidal inlet entrances has been noted by many authors, including Bird (1967; Bird 1984) , Ippen (1966) , Bruun et al. (1978) , Bruun and Gerritsen (1960) and Davies (1980) . Bird (2000, 237-8) relates that the configuration of a lagoon entrance is the outcome of a contest between the currents that flow in and out and the effects of longshore drift of sand, which tend to seal them off. Bruun et al. (1978) relate that any tidal inlet on a shore subject to littoral drift is perpetually in a state of dynamic equilibrium because the relative significance of tidal flow, waves and littoral drift volume (and in some cases, as with the Ninety Mile Beach, drift direction) are changeable. In this context, the authors note that the main causes of tidal inlet shoaling (seaward or landward of the inlet opening, or both) include:
• Prolongation of the inlet channel or channels; • Overwhelming deposits of littoral-drift material, particularly during [and after] severe storms (refer Figure 28) ;
• Splitting up the main inlet channel into two or more channels, or formation of one or more channels from natural or artificial causes;
• Change in bay area from which water flows into the inlet (e.g. by the construction of dams).
Figure 28
An oblique aerial photograph (taken in January 2006 at an altitude of 3000ft AMSL, one day after a severe southwesterly gale episode of three days duration) showing sediment enriched flood-tide flows entering the Gippsland Lakes via the artificial entrance. These sediments were 'stirred' into suspension in the coastal water column along the Ninety Mile Beach via the operation of southwesterly swell waves and longshore drift.
Author, January 2006
Another potential contributor to channel infilling is sediment management regime changes. At Lakes Entrance, this occurred after the deployment of the side-cast dredger April Hamer, which has been almost permanently operational in the artificial entrance area since 1977 (refer Figure 29) . The dredging methods of the April Hamer are considered by Bird (2000, 238) to enhance flood-tidal delta nourishment within the inner channels. In sediment transport terms, the side-cast dredging operation promotes continued suspension of sediment throughout the water column. In these terms, sand dredging simulates the surf-zone suspension that takes place when high-energy waves break. In both cases, the scope for flood tide sand entrainment to augment the volume of the flood-tide delta is enhanced. A 1973 report of feasibility for side-cast dredging at Lakes Entrance by the US Army Corps of Engineers stated that:
It is emphasised that the effectiveness of the sidecasting technique diminishes as the project dimensions increase because of loss of current velocities through the [tidal] prism. Ultimately a point is reached where it is no longer economical to utilise the sidecasting technique alone (Baggerman Associates Pty Ltd 1973) . 
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The rise and fall of the tide at the entrance mouth, and the associated exchange of water masses through the entrance result in the temporary storage of a progressively larger volume of seawater within the inner channels during the flood tide, and the drainage of this water seaward during the ebb tide; the total sea water volume involved in this oscillation is known as the tidal prism (Ippen, 1966) . O'Brien (1931) appears to have been one of the first to investigate the relationship between the dimensions of an entrance and the tidal prism along sandy coasts. Ippen (1966) further relates that of significance in relation to the retreating (ebb-tide) tidal prism is the continual inflow of fresh water from upland sources, which mixes with seawater stored in the inner channels at high tide, and thus augments ebb-tidal discharges seaward through the entrance (refer Figure 30) . Progressive loss of tidal prism augmentation through reduction of catchment fresh water inflows can be expected to reduce the scouring effect of the ebb tide in the Entrance and Reeves Channels. Maintenance dredging of the kind currently practiced at Lakes Entrance (refer Figure 31) can also alter the tidal prism volume; as O'Brien (1931) suggests, if deposition of dredged materials between low and high water levels is not compensated for by increased channel depth, reduction in the tidal prism and a deterioration of entrance dimensions is to be expected.
Gippsland Lakes fresh water inflow reduction trends (via the inter-regional and catchment water diversion schemes) imply that a proportion of the bathymetric changes described in this paper relate directly to upland catchment management. The Gippsland Lakes catchment is subject to management by many agencies, including Melbourne Water, the East and West Gippsland Catchment Management Authorities (CMAs), Southern Rural Water, The Gippsland Coastal Board, Gippsland Ports, the Victorian Department of Sustainability and Environment, and Local Government Agencies (LGAs). The entire Gippsland Lakes catchment is positioned under the jurisdiction of the Gippsland Coastal Board.
Structural arrangements for coastal planning and management in Victoria are provided for by the Victorian Coastal Management Act (1995). Its stated objectives are:
• To plan for and manage the use of Victoria's coastal resources on a sustainable basis for recreation, conservation, tourism, commerce, and similar uses in appropriate areas;
• To protect and maintain areas of environmental significance on the coast, including its ecological, geomorphological, geological, cultural and landscape features;
• To facilitate the development of a range of facilities for improved recreation and tourism; • To maintain and improve coastal water quality, and; • To improve public awareness and understanding of the coast and to involve the public in coastal planning and management.
Figure 30
Aerial photograph (taken 26 April 2002 from an altitude of 9000 ft AMSL) showing ebb-tide augmentation by Gippsland Lakes catchment fresh water streamflows (ebb-tidal flow through the artificial entrance can be discerned by the discoloured (brown) water). Note direction of longshore drift along the Ninety Mile Beach is easily discernable, and in this case is to the east. Southwesterly swell wave trains can also be noted in the photograph. Photo: courtesy B. Smedts, Gippsland Ports
Figure 31
The April Hamer during side-cast dredging operations in the Reeves Channel (between Rigby and Bullock Islands), January 2005. Side-cast dredge spoil is temporarily re-distributed in the channel system some 25-30 metres from the dredge point under this method of dredging. It is possible that this spoil is quickly redistributed back to the dredged areas via the action of tidal currents. Author
These objectives are consistent with the concepts of ICZM (refer Cicin-Sain and Knecht, 1998, and Vallega, 1999) and ecologically sustainable development (ESD) (Commonwealth, 1992) . To implement these main objectives, the Act establishes two levels of agencies: the Victorian Coastal Council (VCC), responsible for preparation of a major strategic planning document (the Victorian Coastal Strategy, or VCS), and three separate Regional Coastal Boards, responsible for implementing the VCS on a regional basis, and preparing Coastal Action Plans (CAPs) after consultation with local stakeholder groups (refer Figure 32) . Wescott (2004) relates that CAPs are statutory planning documents under the Act, and are intended to integrate the statewide perspective of the VCS and the locally based and derived management plans and planning schemes. Under the Act, CAPs can be based on large geographic areas (such as the entire Gippsland Lakes catchment), incorporating many management plans.
According to the VCC (2006), CAPs are designed to identify strategic directions and objectives for use and development in a region. They provide for detailed planning of the region or part of the region to facilitate recreational use and tourism, and to provide for protection and enhancement of significant features of the region's coast, including the marine environment.
Figure 32
Conceptual map of current Victorian Coastal Management Structure. In the Gippsland Lakes catchment, the Gippsland Coastal Board is responsible for implementing the VCS and for preparation of CAPs. Author
Since its inception under the Act, the Gippsland Coastal Board has been active in the catchment promoting sustainability; for instance, through its membership of the Thomson Macalister Environmental Flows Task Force. In February 2004, this Task Force produced a strategy for identification and deployment of environmental flow options for the Thomson and Macalister Rivers. However, in the final conclusions and recommendations section, no mention has been made of the links between sedimentation at the Gippsland Lakes artificial entrance area, and streamflow discharge reductions from the Thomson/Macalister River systems to the Gippsland Lakes. Thus, the opportunity for accepting responsibility for the impact of upstream water diversion upon coastal dynamics at the artificial entrance has been ignored to the present.
It is argued that sharing the derived digital spatial information assembled for the research project reported here offers a basis for establishing on-call decision support for bringing catchment ICZM strategies to practice, so that sustainable long-term solutions to the problems imposed upon the Gippsland Ports Authority by channel sedimentation may be found through stakeholder consensus building. The Gippsland Coastal Board, in working towards assembly of a comprehensive and integrated Coastal Action Plan, including inputs from all Gippsland Lakes catchment stakeholder groups at State, regional and local levels, is in a position to provide both 'horizontal' and 'vertical' integration of data and information flows in decision support. Through utilisation of an integrated 'Coastal Action Plan' approach, it is suggested that a revenue stream to support a sustainable long-term sediment management strategy at the artificial entrance may be found. For instance, if it were accepted by catchment stakeholders that progressive streamflow diversions have contributed to (and will continue to contribute to) sediment management difficulties at the artificial entrance area, development of a compensation system for the loss of 'ecological services' which were provided by natural streamflows at the artificial entrance area may provide a realistic revenue stream in support of a sustainable sediment management strategy. The need for a sustainable sediment management regime not only refers to the efficient removal of sediment from channels to ensure safe navigation, but also refers to the need to alleviate the flood risk to the Lakes Entrance township that current levels of channel constriction in the Entrance and Reeves Channel have imposed (e.g. refer Wheeler 2005c; Wheeler and Peterson 2005b; Grayson et al. 2004; McMaster 1998) .
It is probably impossible for Gippsland Lakes catchment authorities to reinstate natural streamflow regimes in the future, so as to re-establish ebb-tidal sediment scouring at the artificial entrance area. A combination of factors apply: the need for water storage to cater for future Victorian and Gippsland climate change scenarios (refer Whetton et al. 2000 Figure 25 that the new flow regime will not be sufficient to indeed imitate natural seasonal high flow periods along the entire stream channel (from the headwaters to the Gippsland Lakes), and as such will probably have little influence in the promotion of increased sediment scouring at the Gippsland Lakes artificial entrance area. This argument is supported after reference to the West Gippsland Catchment Management Authority website, where it is stated that during water release periods:
Rises in river height of up to 0.7 metres can be expected in the upper reaches of the Thomson River [below the Thomson Dam] . Natural system losses, such as evaporation and groundwater interaction, mean that changes in river height through the lower reaches, below Cowwarr Weir, will be reduced. Due to the complex interaction of water with the environment these changes are difficult to predict.
It remains clear that deliberations over any future sediment management scenarios for the artificial entrance area will, by necessity, centre upon the use of coastal engineering options. Harbour works, even when designed on correct lines, are expensive undertakings, and the greatest care and investigation would be necessary to arrive at correct marine interpretations, and so avoid again sinking large sums in hopeless and wasteful experimental works.
From existing marine conditions it would seem natural to assume to get better permanent working depths on the bar the piers would require lengthening by about 500 to 600 feet at least… On this basis, the cost of extending the… [entrance training walls, (in 1927), would total some] £204,000'.
These recommendations have not been followed to the present, and have (to date) not been officially considered as part of any future proposed sediment management strategy by Gippsland Ports (refer Kowarsky and Associates 2005; Gippsland Ports 2006) . Given the current hydrodynamic conditions present at the artificial entrance area, aspects of the original Coode scheme, including extended entrance 'piers', and the narrowing of entrance dimensions between the outer pier heads to produce a 'funnelling' of ebb-flows, may be considered even more necessary after progressive reduction of ebb-tide velocities since 1927. It is worth relating Coode's own viewpoint, considered earlier in this paper: … I am of the opinion that works of a lighter or less extensive character would … fail to accomplish the object in view (Coode 1879, 9) .
And also the viewpoint of the Commissioners of the 1927 Royal Commission Report: …after all that has been spent on them, the works at the Gippsland Lakes entrance are practically useless for serving the purpose for which they were designed (Royal Commission on Victorian Outer Ports 1927, 23) .
Should future management officially consider extending the existing entrance training walls further into Bass Strait, any such deliberations must also consider the installation of a sediment bypass system, designed with sufficient capacity to imitate natural longshore drift processes along the Ninety Mile Beach. However, it should be noted that especially during and after storm events along the Ninety Mile Beach, the amount of natural longshore sediment transport (refer Figure 28 ) may be far in excess of the maximum capacity of any installed sediment transfer system to handle. Various assessments to date of gross and net littoral transport volumes along the Ninety Mile Beach are provided at Table 5 . It is essential that enough sediment be moved down-drift through any proposed bypass system, in order to nourish beaches and to remove the possibility of any serious beach erosion occurring. Buckley (1990) ; Port Authority Gippsland (1994); Foster (1995); Coastal Engineering Solutions (2003) .
In both environmental and managerial/political terms, much could be learnt by reference to the Tweed Heads (New South Wales, Australia) case study, where the coastal management response to the interruption of littoral drift of sand by training walls at the mouth of the Tweed River has resulted in a joint agreement between the N.S.W. and Queensland State Governments for installation of a sand bypassing system. This system pumps sand accumulated on the N.S.W. side of the training walls northwards into the Queensland littoral zone (e.g. refer Dyson et al. 2001; Dyson et al. 2002; Lawson et al. 2001 ). Reference to other sand bypassing projects world-wide (e.g. refer Boswood and Murray 2001) may also provide valuable lessons to guide future sand bypassing project development and installation at Lakes Entrance. • A progressive reduction in tidal prism volume (including progressive reduction of tidal prism augmentation by upland streamflows) has occurred over the period December 1889 -January 2005.
CONCLUSIONS
The magnitude of the overall time-series flood-tide delta accumulation trend can be obtained when Entrance Channel sediment volumetric gain/loss data is combined with similar data for the Reeves Channel. This trend can be correlated with an increase in catchment water diversion and catchment climatic variation/change, and has occurred despite the introduction of various publicly funded sand management regimes at the artificial entrance area in the post-1977 period. Removal of sediment by current and proposed future management strategies refers to the need to provide a navigable channel system for shipping, and to allow for floodwater escape to Bass Strait throughout any future Gippsland Lakes catchment flooding events.
Reference to the case study examined in this paper shows that a 'gap' between ICZM policy and practice can be considered as currently occurring within the Gippsland Lakes catchment. It is through the deployment of digital spatial data handling that such 'gaps' can be initially identified, and steps taken by catchment stakeholders to formally address coastal zone problems. In this case, adoption of a 'Coastal Action Plan' approach, designed to address the channel sedimentation problem at the Gippsland Lakes artificial entrance through implementation of ICZM initiatives, is one method by which a sustainable long-term solution to the problem may be found. This approach would require much input from relevant stakeholder agencies at State, regional and local levels for the development and implementation of integrated management strategies. Underpinning such an approach, time-series digital spatial data would be collected and made accessible for ICZM decision-support and monitoring at all relevant levels. A three-dimensional integrated catchment and coastal zone scenario modelling approach, as exemplified in this research paper, holds much potential for rapid promotion of coastal zone stakeholder understanding and consensus building. Further application of this rapid and defensible decision support method is clearly called for in future management of the Gippsland Lakes artificial entrance area.
